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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] energy required for each therapy, and reinforcement — and — semi with steady or 

a proton beam acceleration means to generate the proton beam which has pulse-like time 
amount structure A transport means to convey said accelerated proton, and a distribution means 
to distribute said accelerated proton beam in two or more directions, A means to lead the proton 
beam which was able to be distributed in said two or more directions to a predetermined 
treatment room. It is fixed and prepared in said treatment room, and the proton beam led to said 
treatment room is controlled. A dispersion means by which provide the exposure control means 
which irradiates said proton beam to a predetermined part, and said exposure control means 
expands said proton beam to a large irradiation field from vertical up down one or a horizontal 
direction, An energy slowdown means to adjust said proton beam to energy with a range in the 
living body which is independently established to a dispersion means and agrees in ****** of 
said predetermined part. It is the three-dimension-irradiation field means forming which extends 
the dosage peak width of said proton beam to the width of face which agrees in maximum 
thickness to said part, and a configuration can be adjusted so that it may be in agreement at the 
configuration of said part. And the three-dimension-irradiation field means forming possessing 
the collimator of a couple with which the distance from said part differs. The monitor means for 
supervising the necessary dosage given to said part of a proton beam. The therapeutic device 
using the proton beam characterized by generating an exposure stop signal if the monitor value 
of said monitor means is integrated and the integrated value reaches a preset value, and 
providing the control means which performs dosage control of said proton beam. 
[Claim 2] Equipment according to claim 1 with which said proton beam acceleration means is 
characterized by having the preliminary acceleration means which carries out preliminary 
acceleration of a proton, the ion source which carries out negative hydrogen ion generation and 
said proton, or the negative hydrogen ion, and a main acceleration means to accelerate said 
proton or hydrogen by which preliminary acceleration was carried out to necessary energy. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
(Field of the invention on industry) 

This invention relates to the proton beam therapeutic device on which a proton beam is made in 
agreement with accuracy in for example, a cancer disease blow hole, and large dosage is 
centralized about the therapeutic device which used the proton beam. It is the system which 
combined organically the function to make the metal filter to which a proton lineal energy 
slowdown is simultaneously scattered on, and dosage peak width is expanded especially 
contribute to dispersion, and to make the irradiation field of a suitable configuration form. 
(Conventional technique) 

The X-ray, the gamma ray, and the electron ray are used for the therapy of the cancer by the 
radiation, and, recently, the neutron beam has also been introduced into it. These are systems 
which irradiate the electron ray generated with small electron accelerators, such as a linear 
accelerator and a betatron, and an X-ray, and have been installed in an a large number hospital. 
Moreover, although the gamma ray was used, most are the teletherapy equipment which stores a 
cobalt 60 line source, and a small line source exposure therapeutic device which uses various 
kinds of radionuclide, and have spread. These radiation therapy systems have the following 
advantages. 

(a) The therapy of the cancer case which cannot be extracted by operation is possible. 

(b) It is possible to heighten effectiveness by concomitant use with a chemotherapy or a 
thermotherapy. 

(c) If it succeeds in a therapy, since the deficit and functional disorder of an organization are 
relief, a patient's social rehabilitation is easy. 

(Technical problem which invention tends to solve) 

In the conventional radiation therapy system which was mentioned above, if an electron ray is 
removed, the concept of the attainment range in the inside of the body will not be applied, and it 
will decrease almost exponentially. Moreover, in an electron ray, since the statistical **** 
dispersion is large, a range in the living body is not clear. 

Therefore, in irradiation field formation of these conventional radiations, formation control of a 
three-dimension-irradiation field is difficult, and the dosage concentration to the focus is 
drawing ******** in approximation by the so-called conformation radiotherapy field method. 
However, generally, it is complicated and the configuration of a cancer disease blow hole exists 
in an infinite form and the location where the cancer disease blow hole often approached them in 
a vital organ. Therefore, with the conventional radiation, there was a fault that it was difficult for 
the whole cancer disease blow hole to fully give a curative dose, and this caused the recurrence 
after radiation therapy, without inflicting a failure on normal tissue. 

In order for the object of this invention to mitigate the dosage given to normal tissues, such as a 
circumference organ, as much as possible and to concentrate dosage big enough selectively on 
an infinite form example, for example, a cancer disease blow hole Expand the proton pencil of 
lines which made a range of a proton beam in the living body in agreement with cancer focus 
******. and proton beam dosage peak width was made in agreement with focus thickness, and 
were converged and conveyed, and **** and the focal dose are indicated for the whole focus by 
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addition by uniform dosage reinforcement. It is in generating the signal to which an exposure halt 
is made to carry out with a necessary prescribed dose, automating such control moreover, and 
offering the therapeutic device using the proton beam which can perform cancer treatment by 
the proton beam easily. 
(The means for solving a technical problem) 

the energy which the therapeutic device using the proton beam of this invention needs for each 

therapy, and reinforcement — and — semi with steady or a proton beam acceleration means 

to generate the proton beam which has pulse-like time amount structure A transport means to 
convey said accelerated proton, and a distribution means to distribute said accelerated proton 
beam in two or more directions, A means to lead the proton beam which was able to be 
distributed in said two or more directions to a predetermined treatment room. It is fixed and 
prepared in said treatment room, and the proton beam led to said treatment room is controlled. 
A dispersion means by which provide the exposure control means which irradiates said proton 
beam to a predetermined part, and said exposure control means expands said proton beam to a 
large irradiation field from vertical up down one or a horizontal direction, An energy slowdown 
means to adjust said proton beam to energy with a range in the living body which is 
independently established to a dispersion means and agrees in ****** of said predetermined 
part, It is the three-dimension-irradiation field means forming which extends the dosage peak 
width of said proton beam to the width of face which agrees in maximum thickness to said part, 
and a configuration can be adjusted so that it may be in agreement at the configuration of said 
part. And the three-dimension-irradiation field means forming possessing the collimator of a 
couple with which the distance from said part differs, It is characterized by providing the monitor 
means for supervising the necessary dosage given to said part of a proton beam, and the control 
means which will generate an exposure stop signal if the monitor value of said monitor means is 
integrated and the integrated value reaches a preset value, and performs dosage control of said 
proton beam. 

By the way, as for said proton beam acceleration means, it is desirable to have the ion source 
which generates a proton or a negative hydrogen ion. the preliminary acceleration means which 
carries out preliminary acceleration of said proton or the negative hydrogen ion, and a main 
acceleration means to accelerate said proton or hydrogen by which preliminary acceleration was 
carried out to necessary energy. 

The equipment of this invention is explained in detail by the following. The equipment of this 
invention possesses a proton accelerator and a beam transport system. A proton accelerator 
and a beam transport system consist of control sections of the beam transport systems 
containing the main accelerator which accelerates a proton to the energy needed for a energy 
beam transport system and a cancer therapy while leading the proton beam by which preliminary 
acceleration was carried out with the preceding paragraph acceleration section which performs 
acceleration for carrying out incidence to the ion source which makes a proton or a negative 
hydrogen ion generate from a hydrogen molecule, and the injector which performs preliminary 
acceleration, the injector, and the injector to the main accelerator, and the distribution 
electromagnet which leads a proton beam to a treatment room, and these devices. 
A tandem electrostatic accelerator or a linear accelerator is used for an injector, a negative 
hydrogen ion is made a tandem electrostatic accelerator, and incidence of a proton or the 
negative hydrogen ion is made to a linear accelerator. 
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MEANS 



(The means for solving a technical problem) 

the energy which the therapeutic device using the proton beam of this invention needs for each 

therapy, and reinforcement — and — semi with steady or a proton beam acceleration means 

to generate the proton beam which has pulse-like time amount structure A transport means to 
convey said accelerated proton, and a distribution means to distribute said accelerated proton 
beam in two or more directions. A means to lead the proton beam which was able to be 
distributed in said two or more directions to a predetermined treatment room, It is fixed and 
prepared in said treatment room, and the proton beam led to said treatment room is controlled. 
A dispersion means by which provide the exposure control means which irradiates said proton 
beam to a predetermined part, and said exposure control means expands said proton beam to a 
large irradiation field from vertical up down one or a horizontal direction. An energy slowdown 
means to adjust said proton beam to energy with a range in the living body which is 
independently established to a dispersion means and agrees in ****** of said predetermined 
part. It is the three-dimension-irradiation field means forming which extends the dosage peak 
width of said proton beam to the width of face which agrees in maximum thickness to said part, 
and a configuration can be adjusted so that it may be in agreement at the configuration of said 
part. And the three-dimension-irradiation field means forming possessing the collimator of a 
couple with which the distance from said part differs, It is characterized by providing the monitor 
means for supervising the necessary dosage given to said part of a proton beam, and the control 
means which will generate an exposure stop signal if the monitor value of said monitor means is 
integrated and the integrated value reaches a preset value, and performs dosage control of said 
proton beam. 

By the way, as for said proton beam acceleration means, it is desirable to have the ion source 
which generates a proton or a negative hydrogen ion, the preliminary acceleration means which 
carries out preliminary acceleration of said proton or the negative hydrogen ion, and a main 
acceleration means to accelerate said proton or hydrogen by which preliminary acceleration was 
carried out to necessary energy. 

The equipment of this invention is explained in detail by the following. The equipment of this 
invention possesses a proton accelerator and a beam transport system. A proton accelerator 
and a beam transport system consist of control sections of the beam transport systems 
containing the main accelerator which accelerates a proton to the energy needed for a energy 
beam transport system and a cancer therapy while leading the proton beam by which preliminary 
acceleration was carried out with the preceding paragraph acceleration section which performs 
acceleration for carrying out incidence to the ion source which makes a proton or a negative 
hydrogen ion generate from a hydrogen molecule, and the injector which performs preliminary 
acceleration, the injector, and the injector to the main accelerator, and the distribution 
electromagnet which leads a proton beam to a treatment room, and these devices. 
A tandem electrostatic accelerator or a linear accelerator is used for an injector, a negative 
hydrogen ion is made a tandem electrostatic accelerator, and incidence of a proton or the 
negative hydrogen ion is made to a linear accelerator. The linear accelerator which the linear 
accelerator which carries out incidence of a tandem electrostatic accelerator and the proton 
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carries out preliminary acceleration of the proton, carries out incidence to the main accelerator, 
and carries out incidence of the negative hydrogen ion carries out preliminary acceleration of the 
negative hydrogen ion, and it carries out incidence to the main accelerator with an electrification 
conversion method. 

The main accelerator is a synchrotron, and after it performs high frequency acceleration from 
the energy of preliminary acceleration of the proton by which incidence was carried out to the 
energy corresponding to the location and configuration of the focus, it picks out a proton from 
the main accelerator to a beam transport system. 

About the ejection of a proton beam, the inside of the time amount using resonance can choose 
the late ejection which takes out a beam in semi- stationary, or the quick ejection taken out in 
the time amount to which a proton goes around the main accelerator, and is led to an exposure 
control unit the horizontal direction of 1 or 2 or more treatment rooms, or vertical up down 
[ either ] by a distribution electromagnet and a beam transport system also with the same 
proton beam taken out by which approach. 

The signal from an exposure control device performs acceleration of the proton by the 
accelerator, and the interlock system and computer of security perform control of an accelerator 
and a beam transport system. 

The theoretic configuration of an exposure control unit consists of the three-dimension- 
irradiation field formation section and the dosage Monitoring Department. 
The three-dimensionHrradiation field formation section has an energy slowdown machine, the 
heavy-metal plate formed in the energy slowdown machine upper part, and a dosage peak width 
amplification filter. 

An energy slowdown machine changes the thickness of the part which the wedge-shaped 
energy-absorbing matter of two sheets overlaps, and makes necessary energy-absorbing 
perform. And it is remotely controllable in thickness necessary with the precision of 1mm ****** 
within 1 minute. 

The optical exposure mirror upper part is equipped with the primary scattering object of a 
heavy-metal plate for amplification of a convergence beam, and a dispersion function is 
strengthened with the ring stopper of the lower part. 

A dosage peak width amplification filter carries out sequential change of the sharp dosage peak 
section energy which is a energy-absorbing metal body with dip, and carries out incidence to 
thickness, and is cumulatively made into a dosage peak with necessary flat width of face. 15 sets 
is prepared at 1cm step to 15cm, the movable carriage which has 16 frames in the rectangle of 
4x4 is equipped with this, and it is remotely chosen from amplification width efface of 1cm. In 
addition, among those, one frame is made into a blank and enables the exposure by the dosage 
peak of a basis. 

The dosage Monitoring Department has a monitor ionization chamber with the transparency form 
parallel plate electrode of the Lord and a subcouple, the amplifier of the output current, an 
addition drop, and a dosage presetting machine. The dosage Monitoring Department will generate 
an exposure stop signal, if an integrated value reaches a prescribed dose, and it stops a proton 
beam exposure, and a computer is made to perform actuation and control. 
(Work for ) 

According to the therapeutic device using the proton beam by this invention constituted as 
mentioned above, a proton is accelerated and a patient's focus part can be irradiated. A proton 
beam can acquire the dose distribution which energy does not decrease exponentially like the 
conventional X-ray and a gamma ray even if it carries out incidence to the inside of the body, 
but has a dosage peak in the predetermined depth. Moreover, the dose distribution can be 
adjusted easily and range adjustment of a proton beam can be performed, 
therefore, cancer — like — an infinite form — and — double — even if it is a **** 
configuration, a predetermined part can be irradiated by adjusting the dose distribution of a 
proton beam. Therefore, a normal organization can be treated, without doing a failure. 
Moreover, according to the concrete configuration of the exposure control means of this 
invention, the exposure control means is installed fixed to vertical above, vertical down, and a 
horizontal direction in a treatment room. If it does in this way, adjustment of the various 
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members for changing the dose distribution of a proton beam becomes easy, and a safe and 
suitable therapy can be realized for this ease. 

Thus, according to the exposure control means of this invention, the dosage given to normal 
tissues, such as a circumference organ, is as much as possible mitigable. moreover, the proton 
pencil of lines which made a range of a proton beam in the living body in agreement with cancer 
focus ******, and proton beam dosage peak width was made in agreement with focus thickness, 
and were converged and conveyed in order to concentrate selectively the dosage big enough 
which is an infinite form, for example on a cancer disease blow hole — expanding — the focus 
whole — uniform dosage reinforcement — **** — things become possible. Furthermore, the 
focal dose is indicated by addition, and since the signal to which an exposure halt is made to 
carry out with a necessary prescribed dose is generated, cancer treatment by the proton beam 
can be performed easily. And such control is automatable. 
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EXAMPLE 



(Example) 

With reference to a drawing, one example of the proton beam irradiation equipment of this 
invention is explained below. 

The configuration of a proton accelerator 10, the beam transport system 12, and the inside 
energy beam transport system 16 is shown in drawing 1 and dra win g 2 . Drawin g 2 is drawing 
seen from [ of the beam transport system 12 of drawin g 1 ] IML A proton accelerator 10 
consists of a synchrotron of six square shapes, and has the RF acceleration section 1 4. If a 
synchrotron is made into six square shapes, when the design of the strong focusing mold of high 
performance becomes easy, for example compared with the thing of four square shapes and a 
bay increases, the ejection of various beams will become possible. The beam transport system 
1 2 possesses the vertical above beam transport system 1 8, the vertical down beam transport 
system 20, and the horizontal beam transport system 28. 

In order to treat by making a proton reach the focus of the depths, the proton of necessary 
beam reinforcement must be accelerated to necessary energy. For example, in order to make a 
proton reach a depth of 32cm in the living body, the energy of 230MeV is needed. The procedure 
in this example which accelerates a proton to such energy is explained below. 
The negative hydrogen ion which was made to generate a negative hydrogen ion and was first 
generated from the ion source of a hydrogen molecule is accelerated to 50keV(s) electrostatic, 
and in order to perform preliminary acceleration, incidence is carried out to an injector 22. The 
terminal voltage tandem electrostatic accelerator of 2.5MV is used as an injector 22. When a 
tandem electrostatic accelerator is used, there is MEITTO which can reduce energy width of 
face. It is accelerated to 2.5MeV(s), and a negative hydrogen ion is changed into a proton by the 
carbon thin film, and is accelerated to 5MeV in a terminal. A proton is led to a proton accelerator 
(the main accelerator) 10 by the inside energy beam transport system 16. 
The main accelerator 10 is the strong focusing mold synchrotron of the super-period 6, and 
shows the key parameter in the 1st table. It goes around on the orbit of about 35m of round, 
whenever it passes the RF acceleration section, it is accelerated, and a proton reaches 230MeV 
(s) after about 0.5 seconds. The proton which reached necessary energy is picked out from a 
synchrotron 1 0, and is led to a treatment room by the beam transport system 1 2. 
If the energy of a proton beam is not a thing corresponding to the depth of the focus, it will not 
become. In a synchrotron 10, although the ejection in the energy of arbitration is possible in the 
middle of acceleration, let energy of a proton beam be the three-stage of 120MeV(s), ISOMeV, 
and 230MeV in consideration of the soundness and quick nature of a change of energy as a first 
stage story. After this is attained, ejection in the energy of arbitration is performed. 
Although it generally became certain with the synchrotron 10 to attain design energy with the 
current technique, it needs to be adjusted careful after the ****** consideration in a design 
stage, and completion to attain 20nanoampere (nA) which is the target of beam reinforcement. 
Many of beam loss takes place in the time of the acceleration initiation in a synchrotron 10, and 
the case of the ejection of the proton from a synchrotron 10 at the time of the incidence to a 
synchrotron 10. Since the beam reinforcement of an injector 22 is not so high, many times 
incidence of the proton of a synchrotron 1 0 is performed, and the beam reinforcement of a 
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synchrotron 10 is secured. 

In addition, if the linear accelerator of 8 or more MeVs which carries out incidence of the 
negative hydrogen ion is used as an injector 22, using conversion to the proton of the negative 
hydrogen ion by the carbon thin film, it will be efficient and proton incidence to the easy 
synchrotron 10 of beam control on the strength will be made. 

The beam loss at the time of acceleration initiation prepares an orbital correcting magnet 
beforehand, and corresponds by adjustment of the synchrotron 10 including these. The beam 
loss in the ejection from a synchrotron 10 brings about the increment in residual radioactivity, 
and requires caution most. 

The method of beam ejection can choose the late ejection by half-integer resonance with high 
ejection effectiveness, or the quick ejection by the quick kicker who stands up. Therefore, the 
irradiation field formation by beam scan also becomes possible by late ejection, 
or [ that quick beam ejection effectiveness starts proton acceleration synchronizing with motion 
of a focus organ while 100% becomes possible theoretically and it enables measurement of the 
attainment location of the proton beam in the inside of the body by the supersonic wave ] — or 
the exposure which reduced the dose of radioactivity of normal tissue is attained by 
accumulating the proton beam accelerated beforehand in a synchrotron 10. and taking out a 
proton beam synchronizing with motion of a focus organ. 

The signal from the monitor ionization chamber (reference mark 86 of drawing 3 ) formed in the 
exposure control unit performs acceleration of the proton beam by the accelerator. The proton 
beam by late ejection and the proton beam by quick ejection are taken out by the same beam 
transport system 12. A proton beam is supplied to the vertical up down beam transport systems 
18 and 20. the horizontal beam transport system 28, and other 2nd treatment room 26 from the 
vertical up down beam transport systems 18 and 20 among two treatment rooms in the 1st 
treatment room 24. Vertical up down one and horizontal selection are based on the distribution 
electromagnet 30. 

In the beam transport system 1 2, the power source of electromagnets (for example, 
electromagnet shown by the reference marks 62 and 64 of drawin g 1 ) other than the 
electromagnet (for example, 90-degree deflection electromagnet of d rawin g 3 ) required for 
leading a proton beam to a necessary exposure control device is made into ** for the object of 
security. The conditions of this procedure are included in the interlock system stored in the 
operation control board (not shown) of all systems with other general conditions. The computer 
formed in said operation control board performs setting out of the service condition of an 
accelerator 1 0 and the beam transport system 1 2. 

The concrete detail configuration of the exposure control unit 34 is shown in draw ing 3 . the 
exposure control unit 34 of a graphic display — the first treatment room 24 — the upper and 
lower sides — when 3 sets of vertical and horizontal exposure control units were installed and 
the beam from the vertical above beam transport system 18 was controlled, the detailed 
configuration about vertical equipment was shown. It becomes the configuration same about 
other 2 sets which controls the beam of the vertical down beam transport system 20, the beam 
of the horizontal beam transport system 28, and the beam of the horizontal beam transport 
system 28. Other 2 sets are shown by reference marks 70 and 72. 

A patient 38 is fixed on the central dental chair 36 so that the focus may be made in agreement 
with the medial axis of each exposure control unit. The check of the location is performed by 
moving X-ray tube 39 and an image intensifier (I.I.) 40 on the same axle. 
Irradiation field formation of a proton beam scans a thin bundle proton beam with the 
electromagnet 42 for a scan, and expands it with the primary scattering object 44, and is made 
by forming distribution of homogeneity reinforcement of 20x20cm or more in an exposure 
location mostly with the ring stopper 46. The check of the breadth of the beam of the irradiation 
field formation on the front face of a patient is made by the light field mirror 80. 
Range adjustment of beam shaft orientations decreases the energy corresponding to a 
necessary range in the living body with an energy fine adjustment unit 48, it chooses a ridge filter 
50 so that dosage peak width may agree in focus thickness, and it expands the width efface. 
Moreover, bolus 82 is formed, in order to make it correspond to a patient body surface and the 
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configuration of the focus, and the depth of the non-** value focus in the living body and to 
perform energy adjustment of a proton beam. The thickness of bolus 82 is changing with each 
locations, and absorbs the energy of a proton beam by passing a proton beam through each of 
that location. 

The configuration of the block collimator 52 and the configuration of the last collimator 54 are 
adjusted so that it may be in agreement with a focus configuration. 

The monitor ionization chamber 90 is formed between the ridge filter 50 and the energy fine 
adjustment unit 48. If this monitor ionization chamber 90 functions as some dosage Monitoring 
Department and the integrated value of the amount corresponding to that output current 
exceeds the preset value corresponding to a prescribed dose, an exposure stop signal will be 
generated and a proton beam exposure will be suspended. These control is made by the 
computer (not shown). 



Moreover, the arrangement condition of each ab^ve--mentiot^ed element prepared in this 
irradiation equipment, conditions, etc. are adjusted according to a patient's 38 condition. 
Although this adjustment is possible also by hand control, it is more desirable for a computer to 
adjust automatically based on a patient's data. 

Since a vertical perpendicular and 3 sets of level exposure control units are being fixed, 
actuation is easy, and while being able to perform a positive therapy, a maintenance is easy 
according to such irradiation equipment. 

Moreover, since each element of the electromagnet 42 for a scan, the primary scattering object 
44, and ring stopper 46 grade is included in irradiation equipment almost fixed, adjustment is easy 
and a therapy with it is attained. [ the high therefore safety of equipment and ] [ exact ] 
The example to which range expanded the proton beam dose distribution which has a sharp peak, 
and the width of face of the sharp dosage peak to about 25cm of underwater, and drawin g 4 
adjusted range is shown. It was almost fixed when removing the case where the configuration of 
an amplification dosage peak and the dosage reinforcement of an axis of ordinate decreased 
energy extremely also by such range adjustment. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Dra win g 1 is a top view of the therapeutic device using the proton beam concerning this 
invention. 

Drawing 2 is drawing seen from the IMI line of a down-stream beam transport system from the 
distribution electromagnet among the equipment of drawing 1 , 

Drawing 3 is a block diagram of the vertical upper part part of the exposure control unit used for 
the therapeutic device of this invention. 

Drawing 4 is drawing showing the amount distribution of phase twisted pair lines underwater 
[ with the proton beam to which the acceleration proton beam which shows a sharp dosage peak 
to about 25cm of underwater / which was irradiated by this equipment /, and each range slowed 
down, and dosage peak width was expanded ]. 
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DRAWINGS 



[ Drawin g 1 ] 
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[ Drawing 3 ] 
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[ Drawing 4 ] 
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